Asian and Pacific Islander (API) 30-day potentially preventable readmissions (PPRs) are understudied. Hawaii Health Information Corporation data from 2007-2012 statewide adult hospitalizations (N = 495,910) were used to compare API subgroup and White PPRs. Eight percent of hospitalizations were PPRs. Seventy-two percent of other Pacific Islanders, 60% of Native Hawaiians, and 52% of Whites with a PPR were 18 to 64 years, compared with 22% of Chinese and 21% of Japanese. In multivariable models including payer, hospital, discharge year, residence location, and comorbidity, PPR disparities existed for some API subpopulations 65+ years, including Native Hawaiian men (odds ratio [OR] = 1.14; 95% confidence interval [CI] = 1.04-1.24), Filipino men (OR = 1.19; 95% CI = 1.04-1.38), and other Pacific Islander men (OR = 1.30; 95% CI = 1.19-1.43) and women (OR = 1.23; 95% CI = 1.02-1.51) compared with Whites, while many API groups 18 to 64 years had significantly lower PPR odds. Distinct PPR characteristics across API subpopulations and age groups can inform policy and practice. Further research should determine why elderly API have higher PPR rates, while nonelderly rates are lower.
Keywords readmissions, Asian, Native Hawaiian, Pacific Islander, inpatient, disparities Potentially preventable hospital readmissions are common and expensive, accounting for almost 17% of Medicare hospital payments in the United States (Jencks, Williams, & Coleman, 2009; Robert Wood Johnson Foundation, 2013) . These readmissions are thus the focus of recent major initiatives in the United States and internationally toward the dual goal of improving quality of care and reducing health care costs (Donzé, Lipsitz, Bates, & Schnipper, 2013; Jencks, 2010; Patient Protection and Affordable Care Act, 2010) . Despite concern that these policies may disproportionately affect racial/ethnic minorities and the safety-net institutions that disproportionately serve racial/ethnic minorities, limited data exist regarding racial/ethnic differences in preventable readmissions (Hernandez & Curtis, 2011; Joynt, Orav, & Jha, 2011; Gilman et al., 2014) . The lack of information about preventable readmissions by race/ ethnicity, coupled with limited data about specific factors associated with disparities in readmissions by race/ethnicity, may lead to vulnerable racial/ethnic groups being less responsive to, or even excluded from, current quality improvement efforts (Hernandez & Curtis, 2011; Joynt et al., 2011) . This could lead to a widening of racial/ethnic health gaps (Hernandez & Curtis, 2011) and is a particularly important issue to quantify given ongoing concern of inequitable burdens in readmission-related penalties for hospitals serving vulnerable communities (Gilman et al., 2014; Gu et al., 2014) .
Asian and Pacific Islanders (API) include some of the fastest growing populations in the United States (U.S. Census Bureau, 2011 ), yet differences in preventable readmissions across heterogeneous API populations are extremely understudied. While a few recent studies considering race/ethnicity in avoidable readmissions have found significant racial/ethnic disparities, these studies either did not consider API subgroups (Allaudeen, Vidyarthi, Maselli, & Auerbach, 2011; Jencks et al., 2009; Joynt et al., 2011) or combined heterogeneous Asian and/or Pacific Islander subgroups into one group for analyses (Fleming, Gavin, Piatkowski, Chang, & Mukama, 2014; Vivo et al., 2014; Kroch, Duan, Martin, & Bankowitz, 2015) . This analysis strategy can lead to misunderstanding of patterns and disparities (Ghosh, 2010) . For instance, poor outcomes among some subgroups, such as Native Hawaiians or Filipinos, can be hidden by the strong health outcomes in other subgroups, such as the Japanese (Ghosh, 2010) . Indeed, recent research combining all Asians into one race group found preventable readmission rates for acute heart failure (HF) to be similar for Asians compared with Whites (Fleming et al., 2014; Vivo et al., 2014) . Previous scholarship suggests that this approach may conceal important differences.
This issue has important implications for the many ongoing efforts to reduce potentially preventable hospital readmissions. The Centers for Medicare and Medicaid Services (CMS) recently released guidance specifically for addressing readmissions in minority racial/ethnic groups (Betancourt, Tan-McGrory, & Kenst, 2015) . Major recommendations include knowing specifically who is being readmitted and why; deploying a diverse, multidisciplinary team of caregivers to meet population needs; creating
Hypotheses
We considered four study hypotheses. Our first was that API subgroups and Whites with PPRs would have distinct demographic and clinical characteristics that would be important for developing interventions focused on addressing PPR in these populations. Generally, we expected variation in demographic factors (especially age) and clinical factors (especially comorbidity), characteristics that might affect intervention design, payment, and stakeholder inclusion, but would be hidden if API subpopulations were only considered together. This hypothesis was based on several lines of evidence. While the overall population in the state of Hawai'i has a high life expectancy, there is not an equitable pattern of health, longevity, and related social determinants of health within population subgroups (Andrade & McDermott, 2011) . Overall, among Hawai'i's five major racial/ethnic groups (Native Hawaiian, Chinese, Japanese, Filipino, and White), Chinese and Japanese are the healthiest and longest lived, while Native Hawaiians typically report poorer health, have the shortest life expectancy, and the highest rates of poverty (Andrade & McDermott, 2011; Park, Braun, Horiuchi, Tottori, & Onaka, 2009) . Filipinos experience some of the same health disparities as Native Hawaiians (e.g., high rates of preventable hospitalizations for heart disease), but not others (Park et al., 2009; Sentell et al., 2015) . The health status and life expectancy of the White population in Hawai'i tends to fall below that of the Chinese and Japanese, but above that of Native Hawaiians (Park et al., 2009 ). Other Pacific Islanders (e.g., Samoan, Micronesian, Tongan) are diverse and understudied, but evidence suggests that most, if not all, of these populations in Hawai'i have poorer health and socioeconomic status compared with other racial/ethnic groups (Hagiwara, Miyamura, Yamata, & Sentell, 2016; Yuen, 2013) .
In studies of nonmaternity hospitalizations in Hawai'i, these differences manifest in distinct patterns among admitted patients. The more privileged groups, Japanese and Chinese, are, on average, hospitalized at older ages and are, thus, more likely to be covered by Medicare (Sentell et al., 2015) . Interestingly, despite older ages at hospitalization, studies have found that Japanese and Chinese are hospitalized with fewer comorbidities than comparable White inpatients (Sentell et al., 2013; Sentell et al., 2015) . While Native Hawaiians are hospitalized younger than Whites, they also have more comborbidities (Sentell et al., 2013; Sentell et al., 2015) . Similar patterns of higher comborbidities and younger ages are seen for other Pacific Islanders (Hagiwara et al., 2016) . While Hawai'i has excellent population-level insurance coverage, Native Hawaiians and other Pacific Islanders, due to lower economic status, have higher rates of Medicaid than Whites (Sentell et al., 2013; Sentell et al., 2015) .
Based on these lines of evidence, we predicted distinct demographic and clinical characteristics in PPRs with important implications for designing interventions. For instance, the most optimal clinical interventions and available funding to prevent a readmission in a 90-year old Japanese woman with Medicare and no comorbidities may be quite distinct from those to prevent a readmission in a 45-year-old Native Hawaiian man with multiple comorbidities and Medicaid.
Our second study hypothesis was that some API subgroups would be more likely to have a PPR compared with Whites even after accounting for the relevant demographic and access factors known to predict readmission that were available in the administrative data (Friedman & Basu, 2004) . Specifically, we expected Native Hawaiians, Filipinos, and other Pacific Islanders to have higher rates of PPR than Whites when these were controlled. This is because Native Hawaiians, other Pacific Islanders, and Filipinos are more likely to have sociodemographic disadvantages compared with Whites (Andrade & McDermott, 2011) , not all of which are readily measured or addressed in health care settings. This is relevant because such social factors are associated with readmissions in other research (Calvillo-King et al., 2013; Yam et al., 2010) . The full range of an API patient's social challenges may not always be considered in discharge planning (King et al., 2012) ; nor may the infrastructure of existing discharge programs always be sufficient to address the depth of identified social needs. Thus, key drivers of readmission may go undiscussed and/or unresolved (Bernheim & Ross, 2014; Enguidanos et al., 2015) .
Our third study hypothesis concerned the role of comorbidities in explaining any API PPR disparities. Comorbidities are highly associated with readmissions (Ahmedani et al., 2015; Donzé et al., 2013; Zekry et al., 2012) . Given the expected patterns of comorbidities noted above (i.e., higher comorbidities for Native Hawaiian and other Pacific Islanders compared with Whites despite younger ages, and lower comorbidities for Chinese and Japanese despite older ages), we considered specifically if comorbidity could explain any API disparities found in PPR rates. This hypothesis also followed from evidence of disparities for API populations in Agency for Healthcare Research and Quality (AHRQ)-defined potentially preventable hospitalizations for heart disease and diabetes compared with Whites even when comorbidity was considered (Sentell et al., 2013; Sentell et al., 2015) . Our specific hypothesis was that comorbidity would be significant in multivariable models and reduce disparities, but that API PPR disparities would remain even when comorbidities were considered.
Our final study hypothesis was that we would see all these outcomes not only in an analysis of PPR generally but also in PPR specifically for AMI, HF, and pneumonia, diagnostic categories targeted by current CMS policy. We had no reason to assume that these three specific clinical areas would be distinct across factors mentioned above (e.g., age, comorbidities) for API subgroups so we felt the overall hypotheses would hold in these specific disease categories as well. This hypothesis was important to test as distinct patterns by PPR types could affect policy and intervention design.
New Contribution
Asian Americans and Pacific Islanders are understudied in health research generally and specifically around PPR. This study offers new, detailed information regarding potentially avoidable 30-day readmissions across API subgroups. Hawai'i is home to approximately 25% of the U.S. Native Hawaiian or other Pacific Islander population and is more than 30% Asian (Hawai'i Department of Health, 2008; U.S. Census Bureau, 2012a , 2012b . Thus, hospital data in Hawai'i have unique detail about Asian, Native Hawaiian, and other Pacific Islander subgroups not captured in most population-based samples. This policy-relevant information will be useful both to other locations, such as California, where API populations are large, and also to locations, such as New York and Texas, where these populations are growing (U.S. Census Bureau, 2012a Bureau, , 2012b . These research finding should be of interest to health services researchers, policy makers, managers, and/or practitioners both to understand health disparities among these growing populations in the United States and also to potentially provide insight into health disparities among potentially vulnerable communities. Study hypotheses are also relevant to the many ongoing projects focused on reducing PPR. Specifically, findings not just that groups vary, but how they vary specifically, can help focus existing interventions to be most relevant.
Method
Hawaii Health Information Corporation Data (HHIC) from 2007 to 2012 was used. HHIC provides Hawai'i's all-payer, all-visit, inpatient hospitalization data. HHIC collects patient-level inpatient discharge data including race/ethnicity, insurer, ICD-9 codes, age, and gender (HHIC, 2015) and includes a master patient identification variable that can track individuals across all hospitals in the state across years.
PPRs were identified using 3M's PPR methodology, which allows hospitals to identify readmissions within 30 days of discharge that are considered potentially preventable, adjusting for critical factors (3M Health Information System Documentation Department, 2008). Quality improvement initiatives, pay for performance, and public report cards report 3M PPR rates (3M Health Information System Documentation Department, 2008) . This method of PPR identification has been found to be particularly useful for quality improvement due to its inclusion of "preventability" (Mull et al., 2013) . The 3M's PPR method is extensively validated (3M Health Information System Documentation Department, 2008).
In the 3M methodology, PPRs are identified in readmission chains following an index admission. Certain hospitalizations cannot be identified as index admissions, such as a hospitalization ending in a transfer, one in which the patient died during the stay, or hospitalization for conditions, such as terminal cancer, for which readmissions are due to complex and/or extremely severe clinical factors and are unlikely to be avoidable given current technology. A hospitalization that is identified as a PPR cannot also be an index admission for a new chain, but can have another PPR following it in a chain.
From hospitalizations eligible to be index admission, the 3M PPR method creates "admission chains" of the number of PPRs that fall within 30 days of the relevant discharge and are clinically related to the index stay. In an example, for a readmission to be clinically related to an HF index admission, it would need to be for a diagnostic category defined by the 3M algorithm as both being clinically related to HF and considered potentially preventable (e.g., HF, major respiratory infection, cardiac arrest). For instance, a hospitalization for an appendectomy or a hip joint replacement during the 30-day period would not count as a PPR.
In the 3M terminology, an index admission with no PPR following is considered "Only Admission" and does not have a PPR chain. An index admission with at least one PPR is considered to have a PPR chain, which includes the index admission and the 1 or more preventable admissions following it. That PPR chain continues until the chain is broken, which can occur by a death, a non-PPR-relevant readmission, not having a PPR within 30-days of a discharge, a transfer, or a patient leaving against medical advice. Once a PPR chain is broken, an individual could start a new chain with a new index admission. In the HHIC data, which identify and track unique individuals across hospitals and years, PPR chains are measured across all hospitals and across the calendar year.
To simplify this complexity and allow us to focus most clearly on disparities in PPR, this study used a dichotomous measure of PPR based on index admission. The two choices for an eligible index admission were 0 = No PPR following that index admission ("Only Admission") or 1 = At least 1 PPR following that index admission. We did not count the number of PPR in chains.
Sample
All non-pregnancy-related hospitalizations by any individual older than 18 years from December 2007-2012 were initially considered (N = 640,798 Hospitalizations at Tripler (the Department of Defense hospital; n = 51,205) were excluded as these hospitalizations did not report detailed API racial/ethnic data during the study period. After this exclusion, data from the remaining 24 hospitals in the state were included in the study sample, regardless of hospital size, as they all had eligible admissions. Hospitalizations were then excluded if they otherwise did not report race/ ethnicity data (n = 11,647) or if they were not by a Hawai'i resident because these individuals were unlikely to be followed in the Hawai'i hospital data over time (n = 21,391). We also excluded hospitalizations not eligible to be considered "index admissions" for avoidable readmissions based on the 3M methods as described above (n = 60,644). One record with unknown gender was also excluded. After exclusions, the total number of eligible hospitalizations was 495,910 hospitalizations (77.4% of total hospitalizations) by 270,825 unique individuals.
From these hospitalizations, we used one index hospitalization per individual to ensure that multiple readmission chains by individuals in certain racial/ethnic group were not driving findings of disparities. To ensure we counted all individuals with a PPR, for any individual who had a PPR in the data, we took the first PPR index admission. For those without a PPR, we took the first index admission during the study period. Thus, all our analyses focus on the characteristics of unique individuals (n = 270,825) at their first eligible index admission. As described above, included index admissions were coded dichotomously 0 = No PPR follows, or 1 = At least 1 PPR follows.
PPR Types
We considered overall PPR and also for three conditions that were the initial focus for the CMS Hospital Readmission Reduction Program (CMS, 2013): acute myocardial infarction (AMI), heart failure (HF), and pneumonia. Based on previous research, we defined these conditions using ICD-9 codes from the index admission. The AMI sample was defined by ICD-9-CM: 410.xx excluding 410.x2 at index admission. The HF sample was defined by 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 428 .xx at index admission. The Pneumonia sample was defined as ICD-9-CM codes 480.x, 481, 482.x as well as 4830, 4831, 4838, 485. xx, 486 .xx, and 4870. The sample sizes for these subgroup analyses, using unique individuals at index admission, were: AMI = 17,793 index hospitalizations, HF = 26,089 index hospitalizations, and pneumonia = 24,103 index hospitalizations.
Race/Ethnicity
Racial/ethnic groups included were Chinese, Japanese, Filipino, Native Hawaiian, other Pacific Islander, Other race/ethnicity (e.g., African American), and White. The HHIC race/ethnicity variable was created from categories available consistently across all hospitals in Hawai'i in the study period. Race/ethnicity data are typically provided by patient self-report at intake and include only one primary race. Mixed-race individuals are represented by self-report of their primary race of identification. Standardization of this variable across all Hawai'i hospitals was confirmed prior to the study period (in 2006) ; high data quality was assured by HHIC using ongoing quality assurance, including clear specifications, data checks, and frequency reports (on monthly submissions) to identify discrepancies.
Age/Race/Gender Stratification
Previous work has found that racial/ethnic patterns of preventable hospitalizations among API groups vary by age group and gender (Moy et al., 2013; Sentell et al., 2013; Sentell et al., 2015) . Thus, analyses were stratified by age group (18-64 years; 65+ years) and gender (female; male) to be more useful for clinical and policy considerations. Age group was assigned based on age at time of the included index hospitalization.
Control Variables
In the first multivariable model, we adjusted for payer (Medicare, Medicaid, Private, Department of Defense, Self-Pay, and Other/Miscellaneous), hospitalization admission type (AMI, HF, pneumonia, or other), and county of residence (Oahu, Hawai'i Island, Kauai, and Maui) as access to care is often worse on the other islands, compared with the more urban Oahu. Our models also accounted for discharge year and clustering in the 24 hospitals represented in the study sample.
Comorbidity
Comorbidity was added in the final model and was measured with three variables: a comorbidity index, mental health diagnoses, and substance abuse diagnoses all chosen for previously identified relationships with readmissions (Ahmedani et al., 2015; Deswal, Petersen, Souchek, Ashton, & Wray, 2004; Donzé et al., 2013; Tang et al., 2014; Zekry et al., 2012) . The comorbidity index was defined by the Elixhauser Index (Elixhauser, Steiner, Harris, & Coffey, 1998) , a well-used measure of comorbidity developed with administrative data associated with readmissions in the elderly (Silverstein, Qin, Mercer, Fong, & Haydar, 2008 ) and shown to be valid in Asian populations (Chu, Ng, & Wu, 2010) . Measurement of both substance abuse and mental health diagnoses followed previous research (Stranges, Levit, Stocks, & Santora, 2011) . Specifically, having a mental health diagnosis was determined by ICD-9 295. xx-302.xx, 306.xx-314.xx, and 648.4x. Having a substance abuse diagnosis was determined by 292.xx, 303.xx, 304.xx, , and 648.3x.
Statistical Analysis
Characteristics of patients with a PPR were summarized by descriptive statistics for each racial/ethnic subgroup based on their index admission and compared among subgroups using chi-square tests or Fisher's exact tests (for categorical variables) and analysis of variance (ANOVA) or nonparametric Kruskal-Wallis tests, if the normality assumption was not satisfied (for continuous variables). As described above, we present the data once per unique individual so that the characteristics of individuals with multiple admissions do not misrepresent the underlying population responsible for these hospitalizations. (Thirty-eight percent of the study sample had more than one hospitalization during the study period.)
The first logistic regression model was then developed to estimate the likelihood of having a PPR by race/ethnicity adjusting for other factors using one visit per person. Specifically, we used generalized estimating equations logistic regression, which allowed us to address repeated measurements within hospitals. Multivariable adjusted odds ratios (ORs) and their 95% confidence intervals (CIs) were derived for each racial/ethnic group, age group, and gender combination compared with Whites of the same age group/gender combination. The control variables in the first model (to test Hypothesis 2) were payer and location of residence also considering year of discharge, hospitalization type, and hospital. The control variables in the second model (to test Hypothesis 3) additionally included all three comorbidity variables. To test Hypothesis 4, the same set of two models were run for each of the specific subsamples (AMI, HF, and pneumonia). All models included interactions for Age group * Ethnicity, Gender * Ethnicity, and Gender * Age group * Ethnicity to investigate comparison with Whites for combination of age group, gender, and ethnicity. All data analyses were performed in SAS 9.3 (Cary, NC, 2011). A two-tailed p value of less than .05 was regarded as statistically significant. The study was deemed exempt by the University of Hawai'i Institutional Review Committee under Human Subjects Exemption 4.
Results
A total of 39,702 of the 495,910 hospitalizations (8.0%) were identified as PPR. These hospitalizations were by 25,338 individuals from the 270,825 individuals in the sample (9.2%). Table 1 shows the demographics of individuals studied (at their first eligible index visit). The largest studied racial/ethnic group was White (30.4%) followed by Japanese (18.6%), Native Hawaiian (15.9%), other race/ethnicity (13.4%), Filipino (12.9%), other Pacific Islander (4.5%), and Chinese (4.3%). Table 2 shows demographic characteristics by race/ethnicity among those who have at least one PPR from their first index visit. The results from these analyses allow us to consider our first study hypothesis: API subgroups and Whites with PPRs will have distinct demographic and clinical characteristics. In terms of demographics, 71.9% of other Pacific Islanders and 60.3% of Native Hawaiians with a PPR were between 18 and 64 years, compared with 52.4% of Whites, 37.3% of Filipinos, 22.2% of Chinese, and 20.6% of Japanese (p < .0001). For clinical factors, the average comorbidity index scores as well as substance abuse and mental health diagnoses percentages varied significantly by race/ethnicity (p < .0001) as did both insurance type and location of residence (p < .0001).
Hypothesis 1: Demographics and Clinical Characteristics

Hypothesis 2: Rates of Potentially Preventable Readmissions
Our second study hypothesis was that some API subgroups would be more likely to have a PPR compared with Whites even after accounting for available demographic and access factors. Figure 1 shows the unadjusted OR for each race/ethnicity, gender, and age group combination compared with Whites. In this figure, disparities compared with Whites are only seen in some race/ethnicity/gender/age group combinations. The API groups with PPR disparities relative to Whites are Native Hawaiians and other Pacific Islanders.
The figure also shows significance from multivariable models considering age group, gender, payer, discharge year, hospitalization type, hospital, and county of residence, but not comorbidity, that tested our second study hypothesis. In multivariable models, significantly higher odds of a PPR compared with Whites remained for other Pacific Islander men and women 65+ years and were seen for both Native Hawaiian men and women 65+ years. Chinese women 65+ were significantly less likely to have a PPR than Whites as were Japanese, Chinese, and Filipino women and men 18 to 64 years. After adjustment, Filipino men 65+ years had significantly higher odds of PPR compared with Whites.
Hypothesis 3: Rates of Potentially Preventable Readmissions, Considering Comorbidity
In our final models (Table 3) accounting for payer, hospital, discharge year, residence location, admission type, and comorbidity, PPR disparities remained for some API subpopulations among those 65+ years, including Native Hawaiian men (OR = 1.14; 95% CI = 1.04-1.24), Filipino men (OR = 1.19; 95% CI = 1.04-1.38), and other Pacific Other significant variables in the overall model can be seen in Appendix A. Those with a higher Elixhauser Index score, a substance abuse diagnosis, or a mental health diagnosis were significantly more likely to have a PPR compared with those who did not have such a diagnosis. Compared with those with private insurance, those with public insurance were significantly more likely to have a PPR. We also ran final models including an interaction between Elixhauser Index level and ethnicity (not shown). As this interaction was not significant (p = .09), the interaction was not included in our final model.
Hypothesis 4: AMI, HF, and Pneumonia Findings
Finally, we hypothesized that the PPR patterns for those with an index admission for AMI, HF, and pneumonia would follow those of PPR generally. The number of patients in each sample is in Table 1 . The unadjusted rates of PPR differed by race/ethnicity in unadjusted models for some API groups as seen in Appendix B. In multivariable models including comorbidity (Table 3) , we found that for AMI, Filipino women 65+ years (OR = 1.33; 95% CI = 1.04-1.70) and Native Hawaiian men between 18 and 64 years (OR = 1.36; 95% CI = 1.03-1.79) had higher PPR odds compared with Whites, while Chinese women 65+ years had significantly lower PPR odds (OR = 0.69; 95% CI = 0.54-0.82). For HF, Filipino women 65+ years (OR = 1.36; 95% CI = 1.15-1.61) also had significantly higher PPR odds than Whites as did Native Hawaiian women (OR = 1.30; 95% CI = 1.12-1.53), Native Hawaiian men 18 to 64 years (OR = 1.22; Note. PPR = potentially preventable readmissions. These individuals are responsible for 39,702 PPRs. Individuals are only counted once in this table, regardless of the number of PPRs they had during the study period. Individuals who were hospitalized during the study period only for maternity-related conditions or for hospitalization types not eligible for PPR analyses according to 3M metrics, and/or who were missing race/ethnicity data were excluded from these analyses.
95% CI = 1.03-1.44) and other Pacific Islander men 18 to 64 years (OR = 1.22; 95% CI = 1.02-1.46). Among those with pneumonia, other Pacific Islander women 65+ years had higher PPR odds (OR = 1.51; 95% CI = 1.34-2.02), while Filipino women 18 to 65 years (OR = 0.81; 95% CI = 0.66-0.97) and men 18 to 65 years (OR = 0.79; 95% CI = 0.64-0.96) had significantly lower PPR odds compared with Whites. Significant model variables can be seen in Appendix A. In additional models considering an interaction between Elixhauser Index and ethnicity for specific PPR types, the interaction term was again not statistically significant in any model (0.27 for AMI; 0.48 for HF; 0.71 for pneumonia) and, thus, not included in final models. For a comparison of what would be missing from analyses including only combined API populations, we ran our three final models (including comorbidity) using only a combined API population group compared with Whites. Neither the overall model (not shown) revealed significant difference between the combined API group Note. An OR more than 1 indicates a higher rate of potentially preventable readmission compared with Whites and an OR below than 1 indicates a lower rate. Statistically significant differences (p < .05) are indicated by an asterisk. Statistically significant differences (p < .05) in unadjusted models are indicated with a darker color; significant results after multivariable adjustment (not including comorbidity) are indicated with an asterisk. In multivariable models adjusting for payer, county of residence, discharge year, admission type, hospital, and age group/gender/ethnicity interactions, but not the three comorbidity measures. Adjusted ORs for differences remaining significant were women 18 to 64 years: Chinese Note. Model adjusts for comorbidity, substance use, mental health, payer, county of residence, discharge year, hospital, and age group/gender/ethnicity interactions (n = 270,825). Individuals are only counted once in this table, regardless of the number of potentially preventable readmissions (PPRs) they had during the study period. Individuals who were hospitalized during the study period only for maternity-related conditions or for hospitalization types not eligible for PPR analyses according to 3M metrics, and/or who were missing race/ethnicity data were excluded from these analyses. 
Discussion
This study reveals important, previously unidentified patterns in 30-day PPRs for API subgroups. First, those hospitalized for PPR vary distinctly across API racial/ethnic groups in demographic, access, and clinical factors in ways that could affect the design and effectiveness of PPR-focused interventions. For instance, other Pacific Islanders, Native Hawaiians, and Filipinos with PPR include high percentage of working-age (18-64 years) adults, while the vast majority of Japanese and Chinese with PPR are elderly (65+ years). Second, our work reveals not only the demographics of those with PPR by API subgroup but also highlights some significant disparities. Many API populations, including Native Hawaiian and other Pacific Islander men 18 to 64 years and Filipino, other Pacific Islander, and Native Hawaiian men and women 65+ years had higher PPR rates compared with Whites in fully adjusted comparisons. Yet, in many groups, those younger than 65 years had significantly lower PPR odds than Whites. We also confirmed that these policy and program-relevant differences would have been hidden in analyses aggregating diverse API subpopulations. In combined analyses, API populations looked similar to Whites in three of our four final models, showing no indication of any PPR disparities or need for further research. Only in HF was there evidence for concern regarding higher API PPR rates. Yet the API groups most at risk for HF PPR (older Filipino and Native Hawaiian women and younger Native Hawaiian and other Pacific Islanders men) would have remained obscured. Considering these findings in light of our specific study hypotheses, we find them to be mainly supported. Our first study hypothesis was that API subgroups and Whites with PPR would have distinct demographic and clinical characteristics. As expected, Chinese, Japanese, and Filipino patients were older than Whites, while Native Hawaiians and other Pacific Islanders were younger. Compared with Whites, more other Pacific Islanders and Native Hawaiians with PPR had Medicaid and more Chinese and Japanese had Medicare. Unexpectedly, we found that Whites with PPR had the lowest comorbidity index of all studied groups and that Filipinos with PPRs were covered by Medicare in higher percentages than Whites. Another interesting and unexpected finding was that Whites with a PPR had the highest percentages of substance abuse (16.5%) and mental health-related comorbidities (28.4%) among all studied racial/ethnic groups. For instance, in substance abuse diagnoses, Native Hawaiians (9.4%), other Pacific Islanders (5.2%), Filipinos (4.0%), Japanese (3.0%), and Chinese (2.4%) had much lower percentages. This highlights the fact that predictors of PPR vary by race/ethnicity, critical when designing policy to reduce PPR generally and PPR disparities in particular.
Differences across API groups in PPR would have typically been hidden not only because previous work has not disaggregated API subgroups but also because much of PPR research has focused on Medicare (Jencks et al., 2009 ). This is, in part, because Medicaid has fragmented, state-level variation making it challenging to do large, multistate research projects that might inform national policy (Regenstein & Andres, 2014; Trudnak et al., 2014) . However, the Medicare focus excludes population-based data on most working-age adults, a research gap that is most likely to minimize the burden of PPR for groups with significant health disparities, such as Native Hawaiians and other Pacific Islanders, who manifest common chronic diseases at earlier ages (King et al., 2012; Mau, Sinclair, Saito, Baumhofer, & Kaholokula, 2009 ). Thus, in terms of designing interventions to address PPR disparities, it is important to consider that a large percentage of Native Hawaiians and other Pacific Islanders with PPR are working-age and have Medicaid. As the focus of the CMS readmission penalties are within Medicare payments and given the comprehensive data constraints mentioned above, not surprisingly many PPR-focused interventions have targeted older populations (Feltner et al., 2014; Leppin et al., 2014; Trudnak et al., 2014 ). Yet readmissions are quite costly to Medicaid, responsible for an estimated 12.5% of all Medicaid hospitalization payments (Trudnak et al., 2014) making further research on this topic valuable. A focus on the Medicaid population may necessitate distinct interventions. For instance, working-age adults may have different concerns, such as child or family caregiving responsibilities, that need to be addressed in their care and discharge planning. As 72% of other Pacific Islander and 60% Native Hawaiian PPRs was among nonelderly, efforts should be made to reduce this potentially large disease burden. While the PPR rate disparity was no long seen with Whites in multivariable models for these groups once comorbidity was controlled, this does not mean that this population should not be the focus of targeted interventions, given the potentially large impact of hospitalizations among this age group on productivity and support for their families. Also, existing Medicaid readmission research has often focused on those with comorbid substance abuse or mental illness (Regenstein & Andres, 2014) . Thus, younger individuals covered by Medicaid may be excluded not only from PPR research studies but also PPR-focused interventions if they do not have a significant behavioral health comorbidity. In our study population, a focus on readmissions around substance abuse and mental health would incidentally prioritize Whites given their higher percentages with such diagnoses.
Our second study hypothesis was that some API subgroups would be more likely to have a PPR compared with Whites even after accounting for available, relevant demographic and access factors. Specifically, we expected Native Hawaiians, Filipinos, and other Pacific Islanders to have higher rates of PPR than Whites when these factors were controlled. This was supported. However, it is important to note that not all API groups had higher rates than Whites. Some API groups had lower rates of PPR than Whites, including many API groups aged 18 to 64 years and Chinese and Japanese patients.
Our third study hypothesis was that comorbidities would reduce, but not explain, PPR disparities for API subgroups compared with Whites. We found this to be true for several API groups 65+, including Native Hawaiian men, Filipino men, and other Pacific Islander men and women. Even when comorbidity was considered, these groups retained significantly higher PPR compared with Whites. After the inclusion of comorbidity, some interesting differences were seen. The ORs for Native Hawaiian women 65+ years no longer retained statistical significance, and the ORs became significantly lower for Native Hawaiians and other Pacific Islander men 18 to 64 compared with Whites. Comorbidity may help explain the PPR differences for these groups in particular. The distinct vulnerability patterns in PPR for many API populations compared with Whites before and after turning 65 remained in these final models. The apparent change in vulnerability for API populations 65+ is an important area for future study. It is possible that, because 65 is when most Americans become eligible for Medicare, this serves to change disparity patterns in PPR for API subgroups relative to Whites. Future research can help us determine if this is a cohort effect, because of relevant sociodemographic changes at age 65 years, such as unmet caregiving needs, and/or perhaps more limited access to Medicare in certain API populations.
Finally, we expected to see similar findings specifically for AMI, HF, and pneumonia, currently targeted in CMS initiatives to reduce PPR. Instead, we noted some important and distinct disparities in final models, especially for Filipino women 65+ and Native Hawaiian men 18 to 64 for both HF and AMI; for other Pacific Islander men 18 to 64 for AMI; and for other Pacific Islander women 65+ for Pneumonia, indicating specific API populations at risk. Considering the unique needs of these communities, particularly by specific type of readmissions, may be critical to efforts to reduce preventable readmissions. HF is an area of particularly high disparities for API populations relative to Whites and our findings support efforts to focus on, and resolve, these disparities (Mau et al., 2009; Sentell et al., 2015) .
The higher risk of PPR among older, hospitalized Native Hawaiians, Filipinos, and other Pacific Islanders may be an important area to consider in designing interventions to address PPR. The reasons for these increased odds of PPR among these groups are likely multifaceted and include practical challenges, such as limited access to care generally and limited access to culturally or linguistically relevant care specifically, as well as underlying social determinants, such as higher poverty or lower health literacy, that can compromise preventive health care and disease management (King et al., 2012; Mau et al., 2009; Ursua et al., 2013) . Additionally, innovative research has highlighted the role of psychosocial factors in health outcomes in API populations, including the role of acculturation and stress (Gomez, Kelsey, Glaser, Lee, & Sidney, 2004; Kaholokula, Nacapoy, Grandinetti, & Chang, 2008) . Specific patterns of comorbidities themselves are distinct across API populations (Gomez et al., 2004) and may be important areas for research, especially for the Native Hawaiian population which saw the strongest effect from the inclusion of the comorbidity factors into multivariable models. Further understanding the health risk pathways by distinct API populations will provide insights into solutions (Gomez et al., 2004) . For instance, while Filipinos are a large and rapidly growing immigrant group in the United States, many Filipinos intersect with a health care system that does not meet their unique cultural, linguistic, and mental health needs (Sanchez & Gaw, 2007) . Many other Pacific Islander populations have similar issues (Andrade & McDermott, 2011; Hagiwara et al., 2016) . Recent CMS guidance has highlighted the need to understand distinct patterns of readmission disparities for distinct racial/ethnic populations and to use this information to build appropriate infrastructure for culturally relevant care, communication, and discharge planning (Betancourt et al., 2015) . Strategies for successfully building this infrastructure include members of the relevant population in program policy making and decision making, relevant racial/ethnic concordant providers, and/or training for nonconcordant providers around distinct population preferences and needs (Cooper & Powe, 2004; SAMHSA, 2006, chap. 4) . Including diverse API populations, across age groups, in such work will help illuminate and resolve our findings of disparities.
Overall, this study suggests that differences in racial/ethnic groups may need to be considered in evaluating hospital performance. Early evidence from the CMS program shows that Hawai'i has a high proportion of hospitals with lower-than-average readmission rates compared with the national average (Advisory Board, 2014) . Despite these low rates, we still found important racial/ethnic disparities.
Limitations
This study has many strengths, including statewide data over a 6-year period, detailed data about disaggregated API subgroups, and a consideration of PPR among all adults, not just the Medicare population. However, it does have some limitations. First, this study's focus on preventable readmissions is of particular value because readmissions are the focus of CMS efforts. However, the 3M PPR method does not measure readmission in exactly the same way that CMS does (Davies, Saynina, Schultz, McDonald, & Baker, 2003; Mull et al., 2013) and our data did not allow us to evaluate preventable admissions using the CMS methods. It may be useful to consider if similar findings are seen under the specific CMS readmissions metrics in future work. That said, one strength of the 3M method is the potentially "preventable" aspect (Mull et al., 2013) , which may be particularly useful to consider in studies of racial/ethnic disparities toward efforts to resolve these inequities.
In future work, it would also be useful to consider other specific types of PPR, especially septicemia, as it was the most frequent reason for PPR in these data. Hospital-acquired infections have been a focus of Medicare policy since 2008 (McNair, Luft, & Bindman, 2009 ). Also, PPRs were measured across any hospital in Hawai'i. Recent evidence suggests that it is important to consider hospitalizations across multiple facilities to fully understand preventable readmission patterns rather than focusing on just one hospital (Henke et al., 2015; Nasir et al., 2010) . Thus, our ability to consider data across hospitals is a study strength as it allowed us a comprehensive portrait of readmission disparities. However, specific hospitals may be most concerned with their own readmission rates and rate disparities as these are the focus of the CMS penalties. Thus, there are likely to be logistical, administrative, and political challenges to implementing interventions designed to address PPRs across all hospitals. Also, it is possible that the patterns of disparities seen here across all hospitals might be different from those seen within any particular hospital.
There are limitations to the information available in the discharge data. We were not able to consider all factors that might predict readmission, including family characteristics, social support, and access to primary care (Friedman & Basu, 2004) . We also lack detail regarding differential access to care by race/ethnicity beyond insurance status. Interactions by race/ ethnicity in access factors, including insurance status, may help explain findings by age group and may be useful topics for future research. We included only patient characteristics at their first eligible visit. Certainly some characteristics may change during the study period. We also combined 6 years of data in our analyses, providing a large sample size to study heterogeneous API subpopulations. However, disparities may have changed over the years, especially given the focus on PPR during this time. Also, some have argued that current CMS policies have a disproportionate impact on safety-net hospitals by penalizing hospitals who have the highest risk patients with the most complex conditions (McNair et al., 2009) . If these trends begin to exacerbate disparities by penalizing safety net hospitals and reducing their funding, in particular, it would be useful to consider the time trends for these disparities. Our findings can provide baseline data toward the importance of that goal, but again suggest the utility to consider more finely grained time trends in the future. Given the complexity of the analyses, our analyses considered having a PPR, or not dichotomously by race/ethnicity counting individuals only once from an index admission. The average number of PPR in each readmission chain and multiple PPR by race/ethnicity are also important topics for future research. Also, because of sample size limitations, the diverse populations that make up other Pacific Islanders (e.g., Samoan, Tongan, Micronesian) are combined even though they are heterogeneous and would likely show distinct patterns across study outcomes, and similarly with the "other" race categories, which included self-identified African Americans, Mexicans, and Puerto Ricans. Distinct PPR patterns for these diverse groups, while beyond the scope of this analysis, are important areas for future research, especially given the increased PPR odds we saw in these groups across several of our study outcomes. Also, other variables, including additional individual as well as neighborhood-level variables, may be useful to consider (Hu, Gonsahn, & Nerenz, 2014) . Finally, Hawai'i is a very specific location with unique market conditions and population-level characteristics. Whites, Asians, and Pacific Islanders in other locations may live within a different community, socioeconomic, and health contexts and may thus have different hospitalization and readmission patterns. Nevertheless, this study provides useful baseline data with which to make comparisons for PPR in locations where Asians and Pacific Islanders represent smaller, but often growing, populations.
Conclusions
Research on PPR has often excluded Asian American, Native Hawaiians, and Other Pacific Islanders due to sample size limitations and lack of appropriate data collection. Those that have included these populations typically have combined heterogeneous groups, often finding lower rates of PPR for that group compared with Whites (Fleming et al., 2014) . This study shows that those findings may have hidden disparities as race/ ethnicity was associated with preventable hospital readmissions for some API subgroups even in fully adjusted models. Particularly vulnerable are Native Hawaiians, Filipinos, and other Pacific Islanders 65+ years old. We also find distinct characteristics of those with a PPR by API group that should be considered in efforts to address these disparities. .57
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Note. CI = confidence interval; OR = odds ratio; AMI = acute myocardial infarction; HF = heart failure. Appendix A (continued)
